Pentamidine isethionate induced torsades de pointes in a 33-year-old womanwith acute myelogenous leukemia. This is the first report ofPentamidine-induced torsades de pointes in Japan for over ten years. Onthe 4th day of intravenous pentamidine for Pneumocystis carinii pneumonia, asymptomatic sinus bradycardia was noted with QTinterval prolongation, and torsades de pointes were revealed on the 8th day. Although torsades de pointes was dissolved with discontinuation of the intravenous pentamidine and administration of magnesiumsulfate, sinus bradycardia and prolonged QTinterval persisted. Ventricular pacing resulted in no arrhythmia and normalization of the QT interval on the 10th day after discontinuation ofpentamidine. Careful monitoring of the electrocardiogram should be carried out during intravenous pentamidine therapy. (Internal Medicine 36: 705-708, 1997) 
Introduction
Although pentamidine isethionate is widely used for treatment ofPneumocystis carinii pneumonia (PCP) in patients with acquired immunodeficiency syndrome (AIDS), a high incidence of adverse reactions of intravenous pentamidine therapy has been reported ( 1-4). The most life-threatening side effect is cardiotoxicity (3), which may be manifested by sinus bradycardia, prolongation of the QTinterval and ventricular arrhythmia including torsades de pointes. Wedescribe a case oftorsades de pointes caused by intravenous pentamidine therapy for PCP in a patient with acute myelogenous leukemia (AML).
Case Report
A 33-year-old female was admitted for treatment of AMLin April 1995. Complete remission had been achieved by an induction chemotherapy (behenoylara-C, daunorubicin, 6-mercaptopurine, and prednisolone). She had no history or physical findings indicative of heart disease. The electrocardiogram (ECG) on admission showed sinus rhythm with heart rate of72/min and without prolongation of the QT interval (QTc=4 1 5 msec) (Fig. 1) . Serum potassium and magnesiumwere normal. On the 21st day following the second consolidation therapy with cytosine arabinoside and mitoxantron, high fever appeared despite administration of antibiotics and anti-mold agents and the white blood cell count was 200/|il. Ten days later, she became dyspneic with severe hypoxemia (PaO2 35.4 torr) by arterial blood gas analysis. A chest roentgenogram showed bilateral fluffy infiltrates, indicating interstitial pneumonia. Methylprednisolone-pulse therapy, recombinant granulocyte-colony stimulating factor and immunoglobulin were administrated. In addition, pentamidine isethionate, 4 mg/ kg per day intravenously, was used. Her symptoms and pulmonary interstitial infiltrates were improved within a few days. On the 4th day after pentamidine therapy, ECGshowed bradycardia (40-50/min) with QT interval prolongation (QTc=470 msec). Then sinus bradycardia progressed up to 38/min with occasional ventricular ectopic beats accompanied with prolonged QTc interval, flattened to biphasic T waves and U wave fusing with preceding T wave in ECG (Fig. 2) . On the next day, she had episodes of torsades de pointes with chest discomfort (Fig. 3) . The serum potassium, calcium, and magnesiumwere 3.4 mEq//, 8.8 mg/dl and, 1.8 mg/dl, respectively. Magnesium sulfate and pentamidine in aerosol form for PCPin place of intravenous therapy were administrated. Although torsades de pointes was disappeared following the treatment, sinus bradycardia with prolongation of the QT interval was persistent. She received ventricular pacing with a temporally pacemaker. Discontinuation of intravenous pentamidine for ten days normalized the QTcinterval at 398 msec. Noarrhythmia was seen after Pentamidine-Induced Torsades de Pointes removal of temporally pacemaker. The patient had no recurrence of arrhythmia during follow-up of 1 1 months.
Discussion
In recent reviews (5-7), there have been reports of serious arrhythmia as increasing cases of PCPin patients with AIDS have resulted in a dramatic increase in the use of pentamidine since 198 1. Pentamidine-induced arrhythmia has been rarely described in patients other than those with AIDS.For our knowledge, this is the first report of torsades de pointes caused by intravenous pentamidine therapy for PCPin a patient with AML. Webelieve that the main cause of the cardiotoxicity might have been the pentamidine in this case, although the interaction with other drugs including methylprednisolone, granylocyte colony-stimulating factor, and immunoglobulin is unclear.
Various complications including impaired glucose metabolism, acute pancreatitis , hepatic dysfunction, neuropathy, nephrotoxicity and hypotension have been shown in patients receiving pentamidine (8, 9). The present patient did not have any adverse reactions except for the episode of arrhythmia. The spectrum of reported cardiotoxicity associated with pentamidine has been manifested by sinus bradycardia, prolonged QT interval, ventricular bigeminy, ventricular tachycardia and polymorphic ventricular tachycardia (torsades de pointes) (1-9). The proarrhythmic effects of pentamidine have been postulated to relate to its structural similarity with procainamide (3).
Furthermore, electrolyte abnormalities and malnutrition may contribute to the pathogenesis of cardiotoxicity in patients with AIDS and PCP (10, ll), as may human immunodeficiency virus-mediated myocarditis (12). Although the genesis of cardiotoxicity by pentamidine is not clearly understood, prolongation of the QT interval is thought to be a common precursor oftorsades de pointes (3, 5, 13-15). The prolongation of QTinterval and sinus bradycardia occurred on the 4th day after administration of pentamidine, and torsades de pointes developed on the 8th day in the present case. The cumulative dose of 28 mg/kg in the patient was lower than that of 56 mg/ kg recommended by the Center for Disease Control (16).
Gonzales et al have demonstrated that there is no significant dose-dependent effect of pentamidine on the ECGin prospective studies in patients with AIDSand PCP (4). Eisenhayer et al have described that pentamidine-associated QTc prolongation and torsades de pointes appear to be idiosyncratic phenomena rather than cumulative dose-related effects in their prospective study (15). Since pentamidine is avidly bound to tissue (17), prolongedtherapy presumablycontributes to this adverse reaction. According to a review of reported cases by Mani et al (6), the average duration of intravenous pentamidine before the appearance oftorsades de pointes was 12.5 days with a range of 6-20 days. The relatively delayed onset and longer duration of arrhythmia after discontinuation are specific features in the setting of cardiotoxicity linked with pentamidine. Inf act, the prolonged QT interval persisted 10 days after disruption of intravenous administration in our patient.
It is well documentedthat certain electrolyte abnormalities contribute to the onset of pentamidine-induced torsades de pointes during pentamidine treatment of PCP (2-4, 10, 1 1). However, the arrhythmia has also been reported in patients without electrolyte abnormalities (14, 15, 18) . In our case, mild hypomagnesemia was detected and thereby may increase the potential for proarrhythmia in the setting of receiving pentamidine. Administration of magnesiumsulfate and discontinuation of intravenous pentamidine therapy were effective to improve torsades de pointes, but sinus bradycardia and the QTinterval prolongation persisted. Tzivoni et al have reported the efficiency of magnesiumsulfate for torsades de pointes with a prolonged QT interval ( 19). They also described that no significant changes were observed in the QTinterval despite preventing the recurrence of torsades de pointes. Isoproterenol, atropine or cardiac pacing are used to shorten the delayed repolarization by increasing the heart rate in the treatment of torsades de pointes. The patient received ventricular pacing with a temporally pacemaker for persistence of sinus bradycardia and QTinterval prolongation. It has been well established that cardiac pacing is an effective and safe procedure in the treatment of torsades de pointes (20, 21) . Cardiac pacing seems to be an useful application for preventing the recurrence of arrhythmia in view of prolonged cardiotoxicity after discontinuation of pentamidine.
Taylor et al have reported the safe and successful completion of therapy with pentamidine in aerosol form in a patient in whomtorsades de pointes developed from the administration of intravenous pentamidine (22) . In the present case, the aerosol form of pentamidine was administrated for two weeks (alternate days) in place of intravenous therapy and there was no recurrence of PCP.
As the use of pentamidine therapy for PCP in immunocompromized patients increases, we should be aware of the potential cardiac toxicity of pentamidine even within the recommended dose range. We believe that continual ECG should be monitored with careful attention to the QT interval in patients receiving intravenous pentamidine therapy , even though patients have no symptoms, and that an alternative regimen should be considered if the QTinterval becomes prolonged or bradycardia appears. In addition, the electrolyte balance should be maintained with aggressive supplementation; patients who develop polymorphic ventricular tachycardia may benefit from magnesiumsulfate injection and cardiac pacing. 
